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Abstract
We elaborate on a recent study of a model of supersymmetry breaking we proposed
recently, in the presence of a tunable positive cosmological constant, based on a gauged
shift symmetry of a string modulus, external to the Standard Model (SM) sector.
Here, we identify this symmetry with a global symmetry of the SM and work out
the corresponding phenomenology. A particularly attracting possibility is to use a
combination of Baryon and Lepton number that contains the known matter parity
and guarantees absence of dimension-four and five operators that violate B and L.
1 Introduction
In a recent paper [1], we performed a detailed study of the phenomenology of a supergrav-
ity model of supersymmetry breaking [2, 3], having a metastable de Sitter (dS) vacuum
with a tiny (tunable) cosmological constant, independent of the supersymmetry breaking
scale. The model is based on a shift symmetry associated to a string modulus (dual to
a two-index tensor) that we consider to be in the dilaton supermultiplet for definiteness,
which is gauged using a vector multiplet. Depending on the Ka¨hler basis, the shift sym-
metry becomes a gauged R-symmetry that fixes the form of the superpotential as a single
exponential and allows for the presence of a Fayet-Iliopoulos (FI) term. The model has
thus three parameters: the strengths of the superpotential and the FI-term, and the ex-
ponent of the exponential superpotential. The first two can be tuned to fix the vacuum
energy at a tiny positive value, while the latter determines the vacuum expectation value
(VEV) of the dilaton. The overall scale then controls the supersymmetry breaking, or
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equivalently the gravitino mass, driven by expectation values of both F- and D-auxiliary
components of the chiral and vector multiplet.
The model can be easily coupled to an observable sector containing a supersymmetric
extension of the Standard Model (MSSM). To avoid anomalies [4], we considered all MSSM
fields inert under the shift symmetry, in a Ka¨hler basis where the U(1) is not an R-
symmetry, and a constant (modulus independent) gauge kinetic function. In the simplest
case however scalar masses are tachyonic which can be avoided, without modifying the
main properties of the model, by introducing either a new ‘hidden sector’ field participating
in the supersymmetry breaking, similar to the Polonyi field [5], or dilaton dependent
matter kinetic terms [1]. In both cases, an extra parameter is introduced with a narrow
range of values, in order to satisfy all required constraints. All scalar soft masses and
trilinear A-terms are generated at the tree-level and are universal under the assumption
that matter kinetic terms are independent of the ‘Polonyi’ field, while gaugino masses are
generated at the quantum level, via the so-called anomaly mediation contributions [6],
and are naturally suppressed compared to the scalar masses.
It follows that the low energy spectrum is very particular and can be distinguished
from other models of supersymmetry breaking and mediation, such as mSUGRA and
mAMSB. It consists of light neutralinos, charginos and gluinos, where the experimental
bounds on the (mostly bino-like) LSP and the gluino force the gravitino mass to be above
15 GeV and the squarks to be very heavy, with the exception of the stop which can be as
light as 2 TeV.
In this work, we study the possibility that the gauged shift symmetry is identified with a
known global symmetry of the Standard Model (SM), or more generally its supersymmetric
extension, keeping the nice properties of the model, namely the existence of the metastable
dS vacuum with a tunable cosmological constant and a viable spectrum of superparticles
consistent with all experimental constraints. A particular attracting possibility is to use
a symmetry that contains the usual R-parity, or matter-parity (depending on the Ka¨hler
basis) of the MSSM. We find that this is indeed possible and analyze explicitly the anomaly
free symmetry B − L (when adding three right-handed neutrinos), where B and L stand
for the baryon and lepton number respectively, or the combination 3B −L which has the
advantage of forbidding all dimension-four and dimension-five operators violating baryon
or lepton number in MSSM. It turns out that the phenomenology of these two cases
is similar to the results we found in the case where SM fields are inert under the shift
symmetry [1], with a few minor differences, such as that the stop squark can become
lighter to about 1.5 TeV. Actually the model contains an extra parameter, the unit of
B − L charge q for the SM fields, that allows to extrapolate between the present analysis
and the one of Ref. [1]. It turns out though that q is bounded from the requirement of
existence of the electroweak vacuum.
We also address the question if the problem of tachyonic scalar masses can be solved
without adding extra field or modifying the matter kinetic terms, by appropriately choos-
ing the transformations of the MSSM fields, due to the extra D-term contribution in the
scalar potential since SM fields are now charged under the U(1). However, the answer
turns out to be negative due to constraints arising from the existence of the usual elec-
troweak vacuum. Finally, we analyze the phenomenological implications of the extra U(1)
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and we find that its coupling is too small to have possible experimental signatures in
colliders at present energies.
The outline of the paper is the following. In Section 2, we present a short review of
our model and give our conventions. In Section 3, we analyze the possibility of identifying
the gauged shift symmetry with the B − L; subsection 3.1 contains a short review of
R-parity versus Matter-parity for self-completeness, while in subsection 3.2, we work out
the model and its phenomenology; we also comment on the case of 3B − L but we don’t
repeat the analysis, since the results are very similar. In Section 4, we consider the most
general global symmetry and address the question of tachyonic scalar masses without extra
field or modification of the matter kinetic terms. Section 5 contains a brief summary of
our results and the main conclusions. Finally, there are three appendices. Appendix A
contains the computation of anomalies, their cancellation and the one-loop corrections
to the gaugino masses. In Appendix B, we study a possible leftover case from our past
analyses, where the U(1) gauge kinetic term is linear (allowed by the shift symmetry) and
the coefficient of the logarithm in the dilaton Ka¨hler potential is p = 2 (instead of p = 1),
implied by the tunability of the cosmological constant [2, 3]; we find that actually this
is not a phenomenologically viable possibility. In Appendix C we verify the assumption
made in section 4 that the linear contribution to the gauge kinetic function is very small.
2 Conventions and review of the model
In this section1 we review a class of metastable de Sitter vacua proposed in [2, 3] and further
analyzed in [1], which have a tunable (infinitesimally small) value of the cosmological
constant and a TeV gravitino mass. The minimal version of the model consists, in addition
to the supergravity multiplet, of a chiral multiplet S and a vector multiplet associated
with a shift symmetry of the scalar component s of the chiral multiplet
δs = −icθ. (2.1)
The Ka¨hler potential, superpotential and gauge kinetic function are given by
K = −κ−2 log(s+ s¯) + κ−2b(s+ s¯),
W = κ−3a,
f(s) = 1, (2.2)
where a, b and c are constants which can be tuned to allow for an infinitesimally small
cosmological constant and a TeV gravitino mass. The gauge kinetic function can in prin-
ciple be any real constant f(s) = γ. However, as far as the minimization of the potential
is concerned, this constant can be put to 1 by a rescaling of c. The scalar potential is
given by
V = VF + VD, (2.3)
1Throughout this paper we use the conventions of [7].
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where the F-term contribution is given by
VF = e
κ2K
(
−3κ2WW¯ +∇αWgαβ¯∇¯β¯W¯
)
= κ−4|a|2 e
b(s+s¯)
s+ s¯
σs, σs = −3 + (b(s+ s¯)− 1)2 , (2.4)
and the D-term contribution to the scalar potential is given by
VD =
1
2
(Ref)−1 AB PAPB
= κ−4
c2
2
(
b− 1
s+ s¯
)2
. (2.5)
Here the indices α, β label the chiral multiplets, the indices A,B indicate the different
gauge groups and κ is the inverse of the reduced Planck mass, mp = κ
−1 = 2.4 × 1015
TeV. The Ka¨hler covariant derivative and moment maps are given by
∇αW = ∂αW (z) + κ2(∂αK)W (z),
PA = i(kαA∂αK − rA). (2.6)
The Fayet-Iliopoulos contributions rA are fixed by the relation
Wαk
α
A = −κ2rAW, (2.7)
where kαA are the Killing vectors.
For b ≥ 0 this scalar potential always allows for an anti-de Sitter (AdS) minimum. We
therefore focus on the case b < 0, where it was shown in [1] that this model allows for an
infinitesimally small cosmological constant Λ by tuning the parameters a, b, c such that
b〈s+ s¯〉 = α ≈ −0.233153,
bc2
a2
= A(α) +
2κ4Λα2
a2b(α− 1)2 , A(α) = 2e
αα
3− (α− 1)2
(α− 1)2 ≈ −0.359291, (2.8)
where α is the negative root of −3 + (α − 1)2(2 − α2/2) = 0 close to 0.23. A problem
arises when this model is used as a hidden sector for supersymmetry breaking that is then
communicated to the MSSM via gravity mediation: It turns out that the resulting soft
scalar masses for the MSSM fields are tachyonic. It was shown in [1] that this problem
can however be avoided by introducing an extra Polonyi-like field z (see eqs. (2.9)) or
by allowing a non-canonical Ka¨hler potential for the MSSM superfields (see eqs. (2.18)),
while maintaining the desirable properties of the scalar potential, such as an infinitesimally
small cosmological constant and a separately tunable gravitino mass.
The model including an extra Polonyi-like field has a Ka¨hler potential, superpotential
and gauge kinetic function given by
K = −κ−2 log(s+ s¯) + κ−2b(s+ s¯) + zz¯,
W = κ−3a(1 + γκz),
f(s) = 1. (2.9)
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The scalar potential is
V = VF + VD,
VF = κ
−4|a|2 e
b(s+s¯)+κ2zz¯
s+ s¯
(σsA(z, z¯) +B(z, z¯)) ,
VD = κ
−4 c2
2
(
b− 1
s+ s¯
)2
, (2.10)
where
A(z, z¯) = |1 + γκz|2 ,
B(z, z¯) =
∣∣γ + κz¯ + γκ2zz¯∣∣2 . (2.11)
The role of the extra hidden sector field z is to give a (positive) F-term contribution to
the scalar potential, which in turn gives a positive contribution to the soft mass squared
for the MSSM-like fields at the cost of introducing an extra parameter γ to the model.
This parameter is however very constrained:
γ ∈ ]0.5, 1.707[ , (2.12)
where the lower bound arises due to an instability of the potential when the imaginary part
of z acquires a VEV, and the upper bound arises from the requirement of the tunability of
the scalar potential. When experimental constraints are taken into account, in particular
the gluino mass lower limit, the lower bound on the parameter γ rises to about 1.1.
A careful tuning of the parameters then allows us to obtain a tunably small and positive
value of the minimum of the potential by
c2
a2
= −2α
b
eα+t
2
[
σsA(t) +B(t)
(α− 1)2
]
+
2α2
(α− 1)2
κ4Λ
a2b2
, (2.13)
where we focus on real z = z¯ = κ−1t and
A(t) = (1 + γt)2,
B(t) = (γ + t+ γt2)2 . (2.14)
For a given γ, only one free parameter remains in the model, which can be taken to be
the gravitino mass m3/2, given by
m3/2 = κ
2eκ
2K/2W = κ−1a
√
b
α
eα/2+t
2/2 (1 + γt) . (2.15)
The masses of the hidden sector particles (including the gauge boson of the extra U(1)R)
2
turn out to be proportional to m3/2. When this model is used as a hidden sector, where
supersymmetry breaking is communicated to the MSSM via gravity mediation, the soft
2Even though in the Ka¨hler basis (2.13) the shift symmetry is technically not an R-symmetry, we will
continue to label it with the index R throughout this paper.
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terms turn out to be (in the standard notation)
m20 = m
2
3/2
[
(σs + 1) +
(γ + t+ γt2)2
(1 + γt)2
]
,
A0 = m3/2
[
(σs + 3) + t
(γ + t+ γt2)
1 + γt
]
,
B0 = m3/2
[
(σs + 2) + t
(γ + t+ γt2)
(1 + γt)
]
. (2.16)
The gaugino masses arise at one-loop [6] and are given by (see eq. (A.7))
M1 = 11
g2Y
16pi2
m3/2
[
1− (α− 1)2 − t(γ + t+ γt
2)
1 + γt
]
,
M2 =
g22
16pi2
m3/2
[
1− 5(α− 1)2 − 5 t(γ + t+ γt
2)
1 + γt
]
,
M3 = −3 g
2
3
16pi2
m3/2
[
1 + (α− 1)2 + t(γ + t+ γt
2)
1 + γt
]
. (2.17)
It turns out [1] that the low energy spectrum can be distinguished from minimal scenarios
of supersymmetry breaking and mediation such as mSUGRA and mAMSB.
Another possible solution to the negative scalar soft masses squared involves a non-
canonical Ka¨hler potential for the MSSM superfields, and the model is given by
K = −κ−2 log(s+ s¯) + κ−2b(s+ s¯) + (s+ s¯)−ν
∑
ϕϕ¯,
W = κ−3a+WMSSM ,
f(s) = 1, fA(s) = 1/g
2
A. (2.18)
Since the low energy phenomenology of this model is comparable with the one above with
an extra parameter ν instead of γ, we do not further discuss this model.
In section 3 we investigate the effects of allowing a charge proportional to B-L for
the MSSM superfields in the model with the extra Polonyi-like field, while in section
4 we show that a third possible solution to the tachyonic masses including a D-term
contribution to the scalar soft masses squared does not contain viable solutions to the
RGE (Renormalization Group Equations). The problem with tachyonic masses can in
principle also be solved by taking a linear gauge kinetic function f(s) = s and p = 2
in K = −κ−2p log(s + s¯). However, in the Appendix B we show that this leads to an
unacceptable high value of the gravitino mass.
3 B-L case
3.1 R-parity versus Matter Parity
In the context of MSSM, a global R-parity is usually imposed to forbid terms in the
Lagrangian that may lead to proton decay. Although it is widely known [8] that R-parity
can be formulated in such a way that it is not an R-symmetry in the technical sense of
the word, for self-contained presentation and benefit of the reader, we remind below of
this fact.
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The most general gauge-invariant and renormalizable superpotential for the MSSM
would not only include the usual terms
WMSSM = y
ij
u u¯iQj ·Hu − yijd d¯iQj ·Hd − yije e¯iLj ·Hd + µHu ·Hd, (3.1)
but also the following baryon- and lepton-number violating interactions
W∆L=1 =
1
2
λijkLiLj e¯k + λ
′ijkLiQj d¯k + µ′iLiHu,
W∆B=1 =
1
2
λ′′ijku¯id¯j d¯k. (3.2)
The chiral superfields carry baryon number B = 1/3 for Qi, B = −1/3 for u¯i, d¯i and B = 0
for all the others. Similarly, Li and e¯i carry lepton number +1 and −1, respectively, while
all other superfields have vanishing lepton number. Since the baryon and lepton number
violating processes (3.2) are not seen experimentally, these terms should be absent (or
sufficiently suppressed). This is usually done by imposing that a discrete R-parity is
preserved. The R-parity of a field is given by
PR = (−1)3(B−L)+2s, (3.3)
with s its spin. Note that the Standard Model particles and Higgs bosons carry PR = +1,
while the ’sparticles’ (squarks, sleptons, gauginos and Higgsinos) have PR = −1. Also,
since every interaction vertex contains an even number of PR = −1 particles, this implies
that the lightest sparticle (LSP) with PR = −1 must be absolutely stable. If this LSP
interacts only weakly with ordinary matter it can be an excellent dark matter candidate.
Note also that since the different fields of the same multiplet carry a different R-parity,
this symmetry does not commute with supersymmetry.
Although this assignment appears to be quite natural in a supersymmetric context, it
should be stressed that one can equivalently forbid the terms (3.2) by imposing conserva-
tion of matter parity [9]. The matter parity PM of a superfield (as opposed to R-parity,
which is defined separately on each component field) is defined as
PM = (−1)3(B−L). (3.4)
Note that since the matter parity of all fields within a given supermultiplet is the same, this
symmetry does commute with supersymmetry. Since for the scalar components (s = 0)
the matter parity is the same as the R-parity, it is completely equivalent to impose either
matter parity or R-parity as a symmetry on the theory. Moreover, R-parity and matter
parity only differ by the fermion number, which is an exact parity symmetry by itself.
We conclude that imposing matter parity or R-parity is completely equivalent. While
the R-parity interpretation can be useful to easily abstract its phenomenological conse-
quences, from a model building point of view it is far more natural to impose matter
parity (3.4), since (in contrast with R-parity) it commutes with supersymmetry. In fact,
since R-parity is equivalent to the (non-R) matter parity, this shows that there is nothing
intrinsically ’R’ about R-parity.
Matter parity is nothing else but 3(B−L), it therefore seems an obvious choice in our
context to see whether one can consistently use it as the U(1) symmetry we need in our
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toy model of supersymmetry breaking, by giving a charge proportional to B − L to the
MSSM superfields, as to exclude also the terms (3.2) from the superpotential and thus
taking over the role of R-parity.
It should however be noted that in principle one can also have dimension 5 operators
that violate Baryon and/or Lepton number (see for example [10] and references therein)
Wdim 5 =κ
(0)
ij HuLiHuLj + κ
(1)
ijklQiQjQkLl + κ
(2)
ijklu¯iu¯j d¯ke¯l
+ κ
(3)
ijkQiQjQkHd + κ
(4)
ijkQiU¯j e¯kHd + κ
(5)
i LiHuHuHd. (3.5)
Here the various couplings κ(n) have inverse mass dimensions and can be generated by a
high-energy microscopic theory, such as a supersymmetric grand unified theory or string
theory. While R-parity forbids the terms in the last line of eq. (3.5), all terms in the first
line are still allowed. Imposing a B-L symmetry additionally forbids the terms proportional
to κ
(0)
ij . The terms proportional to κ
(1)
ijkl and κ
(2)
ijkl are still allowed. It should however be
noted that a 3B − L symmetry (which has the same parity (−1)3B−L = (−1)3B−3L on
MSSM fields) forbids all the above dimension 5 operators. However, in contrast with a
gauged B − L which can be made anomaly-free upon the inclusion of three right-handed
neutrinos, a gauged 3B−L contains a cubic U(1)33B−L, and mixed U(1)3B−L×SU(2) and
U(1)3B−L × U(1)2Y anomalies which should be canceled by a Green-Schwarz mechanism.
3.2 The model extended with B-L charges
As discussed above, we now explore the possibility to give the MSSM superfields (denoted
by ϕi) a charge qi under the extra U(1)R, proportional to B−L, extending the model (2.9).
This means that Q, u¯ and d¯ have charges q/3,−q/3 and −q/3, respectively. The Higgs
superfields do not carry a charge and the leptons L and e¯ carry a charge −q and +q
respectively.
First, this gives contributions to the D-term part of the scalar potential, and one
should check that this does not ruin its stability. The scalar potential is now given by
V = VF + VD,
VD =
1
2
(
−κ
−2c
s+ s¯
+ κ−2bc−
∑
qiϕiϕ¯i
)2
, (3.6)
where VF is the same as in eq. (2.10). The D-term part will give an extra contribution
to the soft scalar masses of the matter fields ϕi. The restriction that these remain non-
tachyonic gives
0 < ∂ϕi∂ϕ¯iV |ϕ=0 = κ−2a2
eb(s+s¯)+t
2
s+ s¯
(A(t)(σs + 1) +B(t)) + κ
−2qic
(
1
s+ s¯
− b
)
,
where A(t) and B(t) are given in eqs. (2.14). Since qi can be either positive or negative,
and the first term on the r.h.s. is positive for the VEVs of t and s (see [1]), it follows that
|q| < a
2
c
eα+t
2A(t)(σs + 1) +B(t)
1− α , (3.7)
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which can be rewritten as (by use of eqs. (2.13) and (2.15))
|q| < qmax = κm3/2
A(t)(σs + 1) +B(t)√|A(t)σs +B(t)| 1√2(1 + γt) . (3.8)
However, we will show below that one actually needs |q|/qmax < 0.013 in order to find a
viable solution to the RGE. Note that the constraint (3.8) can be rewritten (by using the
relation (2.13)) as
|q| < qmax = bc A(t)(σs + 1) +B(t)
A(t)σs +B(t)
1− α
α
, (3.9)
where κ−2bc is the Fayet-Iliopoulos constant in the scalar potential (3.6).
While the mixed U(1)R×U(1)2Y , U(1)R×SU(2) and U(1)R×SU(3) anomalies vanish,
the cubic anomaly vanishes only upon the inclusion of three right-handed neutrinos which
are singlets under the Standard Model gauge groups. Otherwise, the cubic anomaly is
proportional to
TrQ3 = −3q3, (3.10)
but the mixed anomalies still vanish. In this case, the cubic anomaly should be canceled
by a Green-Schwarz counter term (see appendix A), provided
f(s) = 1 + βRs,
βR = − q
3
4pi2c
. (3.11)
The gaugino masses are generated at one loop from anomaly mediaton, given by
eqs. (2.17), while the other soft supersymmetry breaking terms are given by
m20,i = m
2
3/2
[
(σs + 1) +
(γ + t+ γt2)2
(1 + γt)2
]
+ κ−2qibc
(
1
α
− 1
)
,
A0 = m3/2
[
(σs + 3) + t
(γ + t+ γt2)
1 + γt
]
,
B0 = m3/2
[
(σs + 2) + t
(γ + t+ γt2)
(1 + γt)
]
. (3.12)
Or, by using
bc = m3/2κ
√−2 (A(t)σs +B(t))
1 + γt
α
1− α, (3.13)
the soft terms can be written as
m20,i = m
2
3/2
[
(σs + 1) +
(γ + t+ γt2)2
(1 + γt)2
]
+ κ−1m3/2qi
√−2 (A(t)σs +B(t))
1 + γt
,
A0 = m3/2
[
(σs + 3) + t
(γ + t+ γt2)
1 + γt
]
,
B0 = m3/2
[
(σs + 2) + t
(γ + t+ γt2)
(1 + γt)
]
. (3.14)
9
-0.015 -0.010 -0.005 0.005 0.010
qqmax
1.6
1.8
2.0
2.2
2.4
mt HGeVL
Figure 1: The mass of the lightest stop squark as a function of the charge q/qmax for γ = 1.1
and m3/2 = 15 TeV. The gravitino mass is chosen so that the gluino mass is right above
the experimental bound of 1 TeV (while other experimental bounds such as the neutralino
and charginos are also satisfied). A positive q corresponds to the scalar soft masses mQ
and me being heavier than mL and md = mu (see eq. (3.14)). For q/qmax > 0.013 no
solutions to the RGE were found.
Note that the relation
A0 = B0 +m3/2 (3.15)
still holds, as in [1].
In [1] the special case q = 0 was analyzed in full detail; it was shown that for γ < 1.1
no solutions to the RGEs exist that satisfy eq. (3.15). Moreover, it was shown that for
γ → 1.1 the mass of the lightest stop mt˜ can become very small. By imposing a lower
bound of about m3/2 ≥ 15 TeV on the gravitino mass, which originates from a lower
bound of about 1 TeV on the gluino mass, it was shown that the mass of the lightest stop
can be as low as about 2 TeV, while the masses of the other squarks remain high (> 10
TeV).
As it turns out, the only considerable effect of a nonzero charge q to the sparticle
spectrum is for the lightest stop, whose dependence on the input parameter q/qmax for
m3/2 = 15 TeV and γ = 1.1 is plotted in figure 1 [11]. For q/qmax > 0.013, no solutions
to the RGE were found. A lower limit for the mass of the lightest stop of about 1.5 TeV
is found when q/qmax → 0.013.
It should however be noted that, since anomalies are canceled by a Green-Schwarz
mechanism, one can in principle choose different charge allocations for the MSSM fields
which allow the terms in the superpotential (3.1), while forbidding the Baryon and Lepton
violating terms (3.2) and the dimension five operators (3.5). As mentioned above, a gauged
B−L forbids the terms in eq. (3.2), but it still allows certain dimension five operators. This
can be solved by gauging 3B−L. A gauged 3B−L is anomalous and its U(1)3B−L×U(1)2Y
and U(1)3B−L × SU(2) anomalies are proportional to
C1 = −3q,
C2 = 6q, (3.16)
while the U(1)23B−L × U(1)Y and U(1)3B−L × SU(3) anomalies vanish. As we outline in
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Figure 2: The gaugino masses M1/m3/2 (blue), M2/m3/2 (red), M3/m3/2 (black) in the
3B − L model, as a function of q/qmax, where 53g2Y = g22 = g23 = 0.51 is assumed at the
GUT scale. Note that the gaugino masses vary only very little for |q/qmax| < 0.013
the Appendix A, this results in a contribution to the gaugino masses eq. (A.6) given by
M1 = −g2Y
3α(α− 1)
8pi2
q
bc
m3/2,
M2 = g
2
2
6α(α− 1)
8pi2
q
bc
m3/2. (3.17)
The total gaugino masses are then given by
M1 =
g2Y
16pi2
m3/2
(
11
[
1− (α− 1)2 − t(γ + t+ γt
2)
1 + γt
]
− α(α− 1)6q
bc
)
,
M2 =
g22
16pi2
m3/2
([
1− 5(α− 1)2 − 5 t(γ + t+ γt
2)
1 + γt
]
+ α(α− 1)12q
bc
)
,
M3 = −3 g
2
3
16pi2
m3/2
[
1 + (α− 1)2 + t(γ + t+ γt
2)
1 + γt
]
. (3.18)
By using (from eqs. (3.8) and (3.13))
q
bc
=
q
qmax
A(t)(σs + 1) +B(t)
A(t)σs +B(t)
α− 1
2α
, (3.19)
the corrections to the gaugino masses proportional to q/qmax can be calculated for every
γ. It turns out that these corrections are very small, as can be seen in figure 2, where the
gaugino masses are plotted as a function of q/qmax for γ = 1.1. The low energy spectrum
is then expected to be similar to that of the B −L case described above and we therefore
do not perform a seperate analysis for the 3B − L case.
The kinetic terms of the U(1)R gauge boson are given by
3
Lkin/e = −1
4
FµνF
µν . (3.20)
3Alternatively, one can define the gauge kinetic function as f(s) = 1/q2, such that the charge of the
fermions is given by (instead of being proportional to) B − L.
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Its mass is given by [1]
MR = κ
−1 bc
α
= m3/2
[
(1 + γt)eα
2t2
√
σsA(t) +B(t)
(α− 1)2
]
. (3.21)
In the allowed parameter range this corresponds to MR ∈ ]25.4, 99.4[ TeV. The covariant
derivative of the Standard Model fermions χα (with charge q) is
Dµχ
α = (∂µ − iqAµ)χα, (3.22)
where we have omitted the spin connection and the Ka¨hler connection. The charge q of
the MSSM fermions satisfies |q| < 0.013qmax ≈ O(10−17). We conclude that the U(1)R
gauge boson is (unfortunately) well beyond the current experimental Z ′ bounds or the
corresponding compositeness limits [12].
4 D-term contributions to the scalar soft masses
In this section we show that another possible solution to the problem of negative soft
scalar masses squared in the model proposed in eqs. (2.2), based on a D-term contribution
to the scalar soft masses, does not lead to consistent electroweak vacua. As in the other
solutions proposed in [1], solving the problem of tachyonic masses comes at the cost of
introducing an extra parameter, b1. In this case the model is given by
K = −κ−2 log(s+ s¯) + κ−2b(s+ s¯) +KMSSM ,
W = κ−3a+ eb1sWMSSM ,
f(s) = 1 + βbs. (4.1)
Because of the shift symmetry (2.1), the MSSM superpotential needs to transform (with
gauge parameter θ) as
WMSSM −→WMSSMeib1cθ. (4.2)
The scalar potential is given by
V = VF + VD,
VF = e
K
[−3WW¯ + gss¯|∇sW |2 + |∇ϕW |2]
VD =
1
2
(
κ−2bc− κ
−2c
s+ s¯
− qiϕiϕ¯i
)2
, (4.3)
where ϕi stands for the various MSSM fields and the linear part in the gauge kinetic
function has been neglected. Indeed, it is shown in Appendix C that β  1.
The F-term contribution to the scalar soft masses squared is negative. This can how-
ever be compensated by a (positive) contribution proportional to the charge qi from the
D-term scalar potential. This implies that all MSSM fields must have a positive charge
under this extra U(1), which is the motivation behind the transformation 4.2 and the
12
factor eb1s in eq. (4.1). The soft supersymmetry breaking terms can be calculated (with
respect to a rescaled superpotential Wˆ = eK/2eb1sW ) to be
m20 = m
2
3/2(σs + 1) + κ
−2qibc
1− α
α
,
A0 = m3/2 ρs,
B0 = m3/2 (ρs + 1), ρs = −1 + (α− 1)(α− 1 + b1(s+ s¯)), (4.4)
where α and σs are defined in eqs. (2.8). The gravitino mass is given by
m3/2 = κ
−1aeα/2
√
b
α
. (4.5)
The relations (2.8) can be rewritten as
bc = −κm3/2e−α/2
√
αA(α), (4.6)
which can be used to rewrite the D-term contribution to the mass in the form
m20 = m
2
3/2(σs + 1) +m3/2κ
−1qi Q(α),
Q(α) =
α− 1
α
e−α/2
√
αA(α) ≈ 0.8598. (4.7)
To avoid tachyonic masses, the charges of the MSSM fields should satisfy
qi > q0 = −κm3/2
σs + 1
Q(α)
≈ 0.558 κm3/2, (4.8)
which corresponds to q & 0.5× 10−15 for m3/2 ≈ 20 TeV. The (non-universal) scalar soft
masses and trilinear terms can be summarized as
m20,i = m
2
3/2
[
(σs + 1)
(
1− qi
q0
)]
,
A0 = m3/2
[
−1 + (α− 1)
(
α− 1 + q
q0
P (α)
)]
,
P (α) =
2αeα/2(σs + 1)√
αA(α)Q(α)
≈ 0.799, (4.9)
where eqs. (2.8) were used and q = b1c/2. The charges qi are given in terms of three
independent parameters θ, θQ and θL by
qHu = θq,
qHd = (2− θ)q,
qL = θLq,
qe¯ = (θ − θL)q,
qQ = θQq,
qu¯ = (2− θ − θQ)q,
qd¯ = (θ − θQ)q, (4.10)
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such that
qHu + qHd = 2q,
qe¯ + qL + qHd = 2q,
qd¯ + qQ + qHd = 2q,
qu¯ + qQ + qHu = 2q, (4.11)
and eq. (4.2) is satisfied for the MSSM superpotential (3.1).
Next, the cubic and mixed anomalies are proportional to
CR = q3f(θ, θL, θQ),
C1 = 3q
2
(6− 3θQ − θL) ,
C2 = q (2 + 3θL + 9θQ) ,
C3 = 6q, (4.12)
where
f(θ, θL, θQ) = 3
(
6θ3Q + 3(2− θQ − θL)3 + 3(θ − θQ)3 + 2θ3L + (θ − θL)3
)
+ 2
(
(2− θ)3 + θ3) . (4.13)
The Green-Schwarz counter terms are then proportional to (see Appendix A)
β = −q3 f(θ, θL, θQ)
12pi2bc
,
β1 = −q3 (6− 3θQ − θL)
8pi2c
,
β2 = −q (2 + 3θL + 9θQ)
4pi2c
,
β3 = −q 3
2pi2c
. (4.14)
This results in contributions to the gaugino masses
MA = −g
2
A
2
α(α− 1)
b
m3/2βA. (4.15)
From eqs. (2.8) the Green-Schwarz contributions to the gaugino masses are given by
M1 = − g
2
Y
16pi2
3(6− 3θQ − θL)α(α− 1)e
α√
αA(α)
κ−1q,
M2 = − g
2
2
16pi2
2(3 + θL + 9θQ)
2α(α− 1)eα√
αA(α)
κ−1q,
M3 = − g
2
3
16pi2
12α(α− 1)eα√
αA(α)
κ−1q. (4.16)
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The anomaly mediated contribution to the gaugino masses are given by eq. (A.7). The
total one-loop gaugino mass is the sum of these contributions
M1 = − g
2
Y
16pi2
(
11m3/2
[−1 + (α− 1)2]− 3
2
(6− 3θQ − θL)(α− 1)
2
Q(α)
κ−1q
)
,
M2 = − g
2
2
16pi2
(
m3/2
[−1 + 4(α− 1)2]− (3 + θL + 9θQ)(α− 1)2
Q(α)
κ−1q
)
,
M3 = − g
2
3
16pi2
(
3m3/2
[
1 + (α− 1)2]− 6(α− 1)2
Q(α)
κ−1q
)
. (4.17)
The soft terms can be summarized as (where ξ = q/q0 > 2, and eqs. (4.7) and (4.6) were
used to rewrite the gaugino masses)
m20,i = m3/2 [(σs + 1) (1− θiξ)] ,
A0 = m3/2 [−1 + (α− 1) (α− 1 + ξP (α))] ,
B0 = A0 +m3/2,
M1 = − g
2
Y
16pi2
m3/2
(
11
[−1 + (α− 1)2]+ 3
2
(6− 3θQ − θL)(α− 1)
2
Q(α)2
(σs + 1)
)
,
M2 = − g
2
2
16pi2
m3/2
([−1 + 4(α− 1)2]+ (3 + θL + 9θQ)(α− 1)2
Q(α)2
(σs + 1)
)
,
M3 = − g
2
3
16pi2
m3/2
(
3
[
1 + (α− 1)2]+ 6(α− 1)2
Q(α)2
(σs + 1)
)
. (4.18)
The above soft terms depend on five parameters, namely m3/2, ξ, θ, θL and θQ. Following,
a parameter scan has been performed [11] for m3/2 ∈ [15 TeV, 40 TeV], ξ ∈ [2, 10], θ, θL,
θQ ∈]0, 2[, tanβ ∈ [1, 60]. For m3/2 < 15 TeV, the gaugino masses are expected to be
experimentally excluded, ξ > 2 in order to satisfy the constraint (4.8). A0 is negative
and monotonically decreasing with ξ, such that for ξ > 10 the trilinear term becomes
A0 < −9m3/2. In principle, the value of tanβ (which is the ratio between the two Higgs
VEVs) is fixed by B0 [13], however we performed a scan over all possible values of tanβ
instead. Such a high value for |A0| would contribute to the RGE for the stop mass
parameter, so that it runs to a negative value before the electroweak symmetry breaking
scale is reached.4
In this parameter range, no viable electroweak symmetry breaking conditions were
found. We conclude that, even though the above idea is very appealing from a theoretical
point of view, one cannot (at least in this model) use a D-term contribution to the scalar
soft masses proportional to the charge of a MSSM field under an extra U(1) factor to solve
the problem with tachyonic masses.
5 Conclusions
In this work we studied a simple model [1, 2, 3] of supersymmetry breaking in supergravity
based on a single chiral multiplet and a gauged shift symmetry that we identify with a
4Or the stau becomes tachyonic for a very small region of the parameter space.
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known global symmetry of the Standard Model. The model allows for a tiny and tun-
able cosmological constant while leaving the gravitino mass (and thus the supersymmetry
breaking scale) separately free. We analyzed the phenomenological implications in great
detail for the particular case where the global symmetry is B − L, or 3B − L, which con-
tains the known matter parity of the MSSM as a subgroup. The latter combination has
also the advantage of forbidding all dimension-four and dimension-five operators violating
baryon or lepton number in the MSSM. We showed that the phenomenology is similar to
the one obtained in [1], where the MSSM fields are inert under the shift symmetry, with
the exception of the stop mass which can be become lighter to about 1.5 TeV (compared
to 2 TeV).
The above model contains in its (hidden) supersymmetry breaking sector an extra
Polonyi-like field, bringing an additional parameter, to avoid the appearance of tachyonic
scalar soft masses for the MSSM fields when these are inert under the shift symmetry [1].
Alternatively, one can add non-canonical kinetic terms for the MSSM fields bringing again
a parameter with a similar phenomenology. We showed that the problem of tachyonic
scalar masses cannot be solved from the presence of the (positive) D-term contributions
to the scalar potential, proportional to the charge of the MSSM superfields under the shift
symmetry, because of incompatibility with the existence of a viable electroweak vacuum.
Finally, we explored (in an Appendix) another possibility that was left open in our previous
works where one has a linear gauge kinetic term and the coefficient of the logarithm in
the dilaton Ka¨hler potential is p = 2 (instead of p = 1), and showed that it does not work
either because it leads to an unacceptable high value of the gravitino mass.
Acknowledgements
This research was (partly) supported by the NCCR SwissMAP, funded by the Swiss Na-
tional Science Foundation. R.K. would like to thank S. Richter for useful discussions.
A Anomaly Cancellation
Anomalies in supergravity theories with Fayet-Iliopoulos terms are treated in full detail in
[14, 4], we here summarize their results and apply them to our model. The cubic U(1)R
anomaly, proportional to CR = Tr[Q3], gives the following anomalous contribution (with
gauge parameter θ) to the Lagrangian
δL1−loop = − θ
32pi2
CR
3
µνρσFµνFρσ, (A.1)
which is canceled by a Green-Schwarz mechanism as follows: If the gauge kinetic function
contains a linear contribution in s, say f(s) = 1/g2 + βRs, the Lagrangian contains a
contribution
LGS = 1
8
Im (f(s)) µνρσFµνFρσ. (A.2)
The gauge variation of this Green-Schwarz contribution,
δLGS = −θβRc
8
µνρσFµνFρσ (A.3)
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cancels the cubic anomaly (A.1), provided
βR = − CR
12pi2c
. (A.4)
Similarly, the mixed anomalies with the Standard Model gauge groups, proportional to
CA, are canceled (with the inclusion of appropriate generalized Chern-Simons terms [15]),
provided
CA = −4pi2c βA, A = Y, 2, 3. (A.5)
Since the gaugino masses are proportional to derivatives of their respective gauge
kinetic functions
MA = −g
2
A
2
eκ
2K/2∂αfA(S)g
αβ¯∇¯β¯W¯
= −g
2
A
2
eκ
2K/2βAg
ss¯∇¯s¯W¯ , (A.6)
an ’anomalous’ U(1)R can give a contribution (at one-loop) to the mass of the gauginos.
It should however be noted that at one-loop there is another contribution to the
gaugino masses, due to a mechanism called anomaly mediation [6], given by
MA = − g
2
A
16pi2
[
(3TG − TR)m3/2 + (TG − TR)KαFα + 2
TR
dR
(log detK|R ′′),αFα
]
,
(A.7)
where TG is the Dynkin index of the adjoint representation, normalized to N for SU(N),
and TR is the Dynkin index associated with the representation R of dimension dR, equal
to 1/2 for the SU(N) fundamental5. An implicit sum over all matter representations
is understood. The quantity 3TG − TR is the one-loop beta function coefficient. The
expectation value of the auxiliary field Fα, evaluated in the Einstein frame is given by
Fα = −eκ2K/2gαβ¯∇¯β¯W¯ . (A.8)
It was shown by the authors in [1] that indeed both contributions of eqs. (A.6) and (A.7)
to the gaugino mass should be taken into account.
B On the consistency of p = 2
In this Appendix we focus on the case p = 2
K = −κ−2p log(s+ s¯) + κ−2b(s+ s¯) +K(z, z¯),
W = κ−3a, (B.1)
where an extra chiral multiplet z, which can either be a hidden sector field or a MSSM
field, has been added to the model. Since p = 2, the tunability of the scalar potential
5For U(1)Y we have TG = 0 and TR = 11, for SU(2) we have TG = 2 and TR = 7, and for SU(3) we
have TG = 3 and TR = 6.
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(in order to allow for a tunable small cosmological constant) requires the gauge kinetic
function to be linear in s [1]
f(s) = βs. (B.2)
This results in a Green-Schwarz contribution (A.3) which would make the Lagrangian
non-gauge invariant. The extra field z has a charge q under the extra U(1) and is added
such that its contribution to the cubic anomaly cancels the Green-Schwarz contribution
above. The scalar potential is then given by
V = VF + VD,
VF = κ
−4a2eK
(
σs + κ
2zz¯
)
, σs = −3 + (s+ s¯)
2
2
(
b− 2
s+ s¯
)2
,
VD =
1
2β(s+ s¯)
(
κ−2c
(
b− 2
s+ s¯
)
− qzz¯
)2
. (B.3)
The mass of the field z is given by
m2z = m
2
3/2(σs + 1) + κ
−2 b2cq
β
2− α
α2
, (B.4)
in the notation of [3], where 〈s+ s¯〉b = α ≈ −0.1832. The relation between the parameters
which enforces a vanishing cosmological constant is given by
βa2
bc2
= A(α) ≈ −50.66, (B.5)
and the anomaly cancellation condition is
β = − q
3
12pi2c
. (B.6)
This fixes the sign of q and results in a negative D-term contribution to the scalar mass
squared of z, which by using eqs. (B.5) and (B.6) is
m2z = m
2
3/2(σs + 1)− κ−2/3m 4/33/2 R(α),
R(α) =
(
12pi2(2− α)3e−2α
A(α)α2
)1/3
≈ 2.74. (B.7)
The constraint that the mass of z remains non-tachyonic
m23/2(σs + 1) > κ
−2/3m 4/33/2 R(α), (B.8)
forces the mass of the gravitino to exceed the Planck scale
m3/2 >
R(α)
σs + 1
κ−1 ≈ 7.16 κ−1. (B.9)
One concludes that one cannot use the parameter p to solve the problem of tachyonic
masses outlined in section 2. The above argument can easily be generalized to include
several charged fields (unless their number becomes extremely large).
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Figure 3: The solutions to eq. (C.2) are plotted with α as a function of β. Although up
to four (complex) solutions can exist for every β, only a single solution satisfies α < 0 (to
ensure a negative b) and A(α, β) < 0 to satisfy eq. (C.3). Only positive β is plotted since
the positivity is required to satisfy the anomaly cancellation conditions (see below).
C Comments on nonzero β
In this Appendix we first demonstrate how tunable dS vacua can be found for the model (4.1)
for a general β. In section 4 it was assumed that β  1. Here, we show that the anomaly
cancellation conditions indeed force β to be very small.
If β is not neglected, the D-term contribution to the scalar potential is given by
VD = 1
2 + βb(s+ s¯)
(
κ−2bc− κ
−2c
s+ s¯
− qiϕiϕ¯i
)2
. (C.1)
The solution to ∂V = V = 0 gives
(α− 1)2 (α2 − 2)+ (βα(α− 1)
2 + βα
− 2
)(−3 + (α− 1)2) = 0. (C.2)
For β = 0, this gives indeed α ≈ −0.233. For other values of β the result is plotted in
figure 3. The relation between the parameters to obtain a vanishing cosmological constant
becomes
bc2
a2
= −αe
α(2 + βα)(−3 + (α− 1)2)
(α− 1)2 = A(α, β). (C.3)
One concludes that for every (finite) β the vacuum is tunable. The gravitino mass eq. (4.5)
is repeated here for convenience of the reader
m3/2 = κ
−1aeα/2
√
b
α
.
The scalar soft mass squared and the trilinear couplings are given by
m20 = m
2
3/2(σs + 1) + κ
−2 qibc
1 + βα/2
1− α
α
,
A0 = m3/2 ρs,
ρs = −1 + (α− 1) (α− 1 + P (α, β)ξ) ,
P (α, β) =
2αeα(σs + 1)
(α− 1)A(α, β)
(
1 +
βα
2
)
. (C.4)
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The relations (C.3) can be written as
bc = −κm3/2e−α/2
√
αA(α, β), (C.5)
which are used to write the scalar soft mass squared as
m20 = m
2
3/2(σs + 1) +m3/2κ
−1qi Q(α, β),
Q(α, β) =
α− 1
α
e−α/2
√
αA(α, β)
1 + βα/2
. (C.6)
To avoid tachyonic masses, the charges of the MSSM fields should satisfy
qi > q0 = −κm3/2
σs + 1
Q(α, β)
. (C.7)
Next, the anomaly cancellation conditions (see eqs. (4.14)) for the cubic anomaly give
β = −f(θ, θL, θQ)q
3
12pi2bc
= f(θ, θL, θQ)ξ
3(κm3/2)
2g(α, β), (C.8)
where eqs. (C.5) and (C.7) were used, and
g(α, β) = − e
α/2(σs + 1)
3
12pi2Q(α, β)3
√
αA(α, β)
. (C.9)
From eq. (4.13) it follows that 9.47 ≤ f(θ, θL, θQ) ≤ 91, for all θ, θL, θQ ∈ ]0, 1[, such that
β > 0 from eq. (C.8). From figure 4, where P (α, β) is plotted as a function of β, it follows
that the trilinear coupling A0 has only a very slight dependence on β. We can therefore
assume ξ < O(10) (as in section 4) since otherwise the trilinear coupling A0 would be too
large to allow for a realistic electroweak vacuum.
In figure 5, g(α, β) is plotted as a function of β. As is shown, we can approximate
g(α, β) by a linear function of β (In fact, g0(β) is also plotted in figure 5 and completely
overlaps with the actual function g(α, β))
g(α, β) ≈ g0(β) = g(0) + ω β, (C.10)
where
g(0) = 0.0005618,
ω = 0.002003. (C.11)
For a given m3/2, ξ and f(θ, θL, θQ), one can then solve β = f(θ, θL, θQ)ξ
3(κm3/2)
2g0(β)
to find
β =
g(0)
1/A− ω , (C.12)
where
A = f(θ, θL, θQ)ξ3(κm3/2)2. (C.13)
For ξ < 10, m3/2 < 40 TeV and f(θ, θL, θQ) < 91, this corresponds to β . O(10−26).
Note that for small β one can approximate eq. (C.12) by β . g(0)A which leads to the
same result.
We conclude that the anomaly cancellation condition can only be satisfied for very
small β.
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Figure 4: A plot of P (α, β) given by eq. (C.4) as a function of β, where α and β are
solutions of eq. (C.2). It follows that the trilinear coupling A0 (as a function of ξ) has
only a very small dependence on β. One should therefore focus on ξ . 10 (as in section
4) since otherwise |A0| becomes too large to allow for a viable electroweak vacuum.
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Figure 5: In blue: A plot of g(α, β) given by eq. (C.9) as a function of β, where α and
β are solutions of eq. (C.2). The approximation g0(β) given by eq. (C.10) is plotted in
purple.
21
References
[1] I. Antoniadis and R. Knoops “MSSM soft terms from supergravity with gauged R-
symmetry in de Sitter vacuum,” arXiv:1507.06924 [hep-ph].
[2] F. Catino, G. Villadoro and F. Zwirner,“On Fayet-Iliopoulos terms and de Sitter
vacua in supergravity: Some easy pieces,” JHEP 1201 (2012) 002 [arXiv:1110.2174
[hep-th]];
G. Villadoro and F. Zwirner,“De-Sitter vacua via consistent D-terms,” Phys. Rev.
Lett. 95 (2005) 231602 [hep-th/0508167].
[3] I. Antoniadis and R. Knoops,“Gauge R-symmetry and de Sitter vacua in supergravity
and string theory,” Nucl. Phys. B 886 (2014) 43 [arXiv:1403.1534 [hep-th]].
[4] I. Antoniadis, D. M. Ghilencea and R. Knoops,“Gauged R-symmetry and its anoma-
lies in 4D N=1 supergravity and phenomenological implications,” JHEP 1502 (2015)
166 [arXiv:1412.4807 [hep-th]].
[5] J. Polonyi, “Generalization of the Massive Scalar Multiplet Coupling to the Super-
gravity,” Hungary Central Inst Res - KFKI-77-93 (77,REC.JUL 78) 5p.
[6] L. Randall and R. Sundrum, “Out of this world supersymmetry breaking,” Nucl.
Phys. B 557 (1999) 79 [hep-th/9810155];
G. F. Giudice, M. A. Luty, H. Murayama and R. Rattazzi,“Gaugino mass without
singlets,” JHEP 9812 (1998) 027 [hep-ph/9810442];
J. A. Bagger, T. Moroi and E. Poppitz,“Anomaly mediation in supergravity theories,”
JHEP 0004 (2000) 009 [hep-th/9911029].
[7] D. Z. Freedman and A. Van Proeyen,“Supergravity,” Cambridge, UK: Cambridge
Univ. Pr. (2012) 607 p.
[8] S. P. Martin,“A Supersymmetry primer,” Adv. Ser. Direct. High Energy Phys. 21
(2010) 1 [Adv. Ser. Direct. High Energy Phys. 18 (1998) 1] [hep-ph/9709356].
[9] G. R. Farrar and P. Fayet,“Phenomenology of the Production, Decay, and Detection
of New Hadronic States Associated with Supersymmetry,” Phys. Lett. B 76 (1978)
575;
S. Dimopoulos and H. Georgi,“Softly Broken Supersymmetry and SU(5),” Nucl. Phys.
B 193 (1981) 150;
S. Dimopoulos, S. Raby and F. Wilczek,“Proton Decay in Supersymmetric Models,”
Phys. Lett. B 112 (1982) 133.
[10] H. M. Lee, S. Raby, M. Ratz, G. G. Ross, R. Schieren, K. Schmidt-Hoberg and
P. K. S. Vaudrevange,“Discrete R symmetries for the MSSM and its singlet exten-
sions,” Nucl. Phys. B 850 (2011) 1 [arXiv:1102.3595 [hep-ph]].
[11] B. C. Allanach, “SOFTSUSY: a program for calculating supersymmetric spectra,”
Comput. Phys. Commun. 143 (2002) 305 [hep-ph/0104145].
22
[12] K. A. Olive et al. [Particle Data Group Collaboration], “Review of Particle Physics,”
Chin. Phys. C 38 (2014) 090001.
[13] J. R. Ellis, K. A. Olive, Y. Santoso and V. C. Spanos,“Phenomenological con-
straints on patterns of supersymmetry breaking,” Phys. Lett. B 573 (2003) 162
[hep-ph/0305212];
J. R. Ellis, K. A. Olive, Y. Santoso and V. C. Spanos, “Very constrained minimal
supersymmetric standard models,” Phys. Rev. D 70 (2004) 055005 [hep-ph/0405110].
[14] D. Z. Freedman and B. Kors,“Kaehler anomalies in Supergravity and flux vacua,”
JHEP 0611 (2006) 067 [hep-th/0509217];
H. Elvang, D. Z. Freedman and B. Kors,“Anomaly cancellation in supergravity with
Fayet-Iliopoulos couplings,” JHEP 0611 (2006) 068 [hep-th/0606012].
[15] P. Anastasopoulos, M. Bianchi, E. Dudas and E. Kiritsis,“Anomalies, anoma-
lous U(1)’s and generalized Chern-Simons terms,” JHEP 0611 (2006) 057 [hep-
th/0605225];
I. Antoniadis, E. Kiritsis and T. N. Tomaras,“A D-brane alternative to unification,”
Phys. Lett. B 486 (2000) 186 [hep-ph/0004214].
23
